Introduction
In [2), Yuri Matijasevitch, famous for completing the solution of Hilbert's tenth problem suggested three very nontraditional methods to solve the search version of the well-known NP-complete problem 3-SAT: Find values of propositional variables pt,. . . , p, satisfying a given formula A = A (P,{,l,l, v PfOn.2) v Pf(m.3) > m where 1 <f(m, k) Q 2n and ~~+~=~p, for all i Q n. He wrote: "A unifying feature of the methods is that they are inspired by real phenomena in nature. The phenomena were only the starting point for reflection; they give a convenient language, but the author does not propose to realize the corresponding physical processes. We speak only about solving the corresponding differential equations."
the work the second author was with Stanford University and IBM Almaden Research Center (on a sabbatical leave from the University of Michigan).
We offer here our critical reaction, pointing out some apparently major problems with the suggested methods. In spite of the criticism, the spirit of nontraditional methods appeals to us.
For the reader's convenience, the reaction is interleaved with descriptions of the methods. ment to variables p,, . . . , pn: p, is true if c,(co) = 0 f c,+,(cc), and p, is false if ci(cc) f 0 = In the next lemma, A is the instance of 3-SAT exhibited in the introduction or a similar formula with some clauses of length 2. In particular, the lemma applies to B.
By Lemma 1.2 and the independence of random variables d,, the probability that some
equals 1 -(z)"/3. Similarly, the probability that some exceeds 1 A I -k for some constant k and all (sufficiently long) formulas A, then repeating the experiment only polynomially many times yields Pr[in at least one run, the equilibrium is not degenerate] > $; this would imply that 3-SAT belongs to R. But then, in the case of B, Pr[the equilibrium is not degenerate] exceeds nmZk for sufficiently large n (because I B I = O(n log n) = 0( n*)), which contradicts Theorem 1.3. In Theorem 1.3, we dealt, for simplicity, with an instance B of 2-SAT (rather than 3-SAT) and we assumed a It is still possible that Method I gives a good heuristics for an important subclass of 3-SAT; it is up to the proponents of the method to exhibit such a subclass.
Method II: "Creation"

Description of the method
In a k-dimensional space, there are ci atoms of an element ~1, where 1 Q i Q 2n. The following gravitational forces act: (1) If Ii -jl f n then an atom of a, and an atom of aj attract each other with force F(r) where r is the distance between them; otherwise they repel each other with force G(r).
(2) If i=f(m, l), j=f(m, 2) and k=f(m, 3) for some m, then three atoms of ai, (I, and a, respectively repel with forces H(r,,,, r/,k, rk,;), H(Tj.k, 'k.,, r,.,>T H(rk.,r r,,j7 5.k) where 'l,j* 'I,k?
I-~,; are the respective distances. Forces F, G, H decrease to zero at infinity and increase to infinity when atoms draw together in an unbounded way. In addition, "the force of the friction on vacuum" may exist; it may depend on velocities and/or higher derivatives. A "Newton's law" holds: the acceleration (or a higher derivative) is proportional to the sum of acting forces. (One of the referees suggests that the three forces in (2) should lie in the plane of the three atoms and should sum to zero, so that Newton's third law holds.)
In the evolution of the system, planets-gatherings of atoms with only attracting forces-may form. A planet with atoms of n elements gives an assignment
P, -
[the planet has no atoms of a,] to P,,..., p, that satisfies the formula A. Matijasevitch asks whether it is possible to use the arbitrariness in the choice of "physical laws" to create a model where, for not very big quantities ci, some n-element planets will form in a relatively short time provided the formula A is satisfiable.
Comments
Since only one planet of the right size is needed, it seems reasonable to expect that such a planet will form if A is satisfiable and there is a sufficiently big number of atoms of each kind. But then it may take too long to decide whether the final state has a large enough planet.
A space of finite measure seems more appropriate for the "experiment".
One possibility is to consider the unit hypercube and stipulate that whenever an atom leaves the hypercube it immediately reappears from the opposite side.
In the case of formula B, there are only two sets of n elements ai and exponentially many sets of fewer than n elements a, such that the corresponding planets repel any atom of any kind that does not exist on the planet. It seems unlikely that for not very big quantities cir some n-element planets will form in a relatively short time.
The relative magnitudes of forces are very important.
If attractive forces are comparable to repulsive then there may be stable gatherings with some repulsive forces (pseudo-planets); a few repelling atoms may be kept on a pseudo-planet by overwhelming attractive forces. But with strong repulsive forces, a planet can have pieces knocked loose by near-collisions with atoms that it repels.
Method III: Resonance
Description
There are 2n + 1 pendulums P,,,.. ., P2,, which are one-dimensional oscillators satisfying the dif-44 ferential equation x" = --(IX in the absence of outside forces. The following additional forces, depending on velocities, influence pendulums p PZ". ,,...r Braking forces act on Pi and P,,+, when they swing in the same direction, and accelerating forces act on them the rest of the time.
Braking
forces act on &,,,t,, P,(,+, &,,,,s, when they all swing in the direction of P,, and accelerating forces act the rest of the time. Given a satisfying assignment for A, swing Pi in phase (resp. out of phase) with PO if pi is false (resp. true); here 1 < i Q 2n. In this initial moment, only accelerating forces influence pendulums PI,..., Pzn, and one may expect that also in the future most of the time there will be no braking forces and, out of two pendulums Pi and P,,+i, one will be almost always in phase with PO and the other will be almost always out of phase. Is it true that if formula A is satisfiable then the system will arrive at a similar regime from almost any initial state?
It is possible, writes Matijasevitch, to introduce forces of friction and parametric pumping [l] .
Comments
The third method is different; the idea seems to be to avoid stable configurations of wrong kinds. Again, the relative magnitudes of forces are of great importance.
If braking forces are comparable to accelerating ones then unwanted configurations may resonate, with the braking forces being dominated by accelerating ones. If braking forces are much stronger than accelerating then they may bring the system to a halt.
The method introduces many arbitrary parameters to determine the exact forces. Since this makes analysis very difficult, we consider a greatly simplified model, which we hope preserves some of the spirit of Matijasevitch's proposal. We represent the motion of the pendulum corresponding to a literal 4 of the formula A by a number xg whose absolute value is the amplitude of the oscillation, with xq -z 0 (resp. xq > 0) if the pendulum is in phase (resp. out of phase) with the yard-stick pendulum P,,. else a' sig( .x4).
In addition, every clause q V r contributes a sum- Let h be the least integer s.t. 2a' + (2h + l)p > /?, and let C be the extension of the formula B by means of clauses q v qJ where q ranges over the 2n literals of B and 1 GJ' < h and each qJ is a new propositional variable (the total number of variables in C is n + 2nh).
The case xl(t) = 0 is trivial: xi does not change at moment t whereas yi increases. So suppose that x,(t) -Z 0. Then 3.1. Theorem. The probability that the assignment s,-( t ) does not satisfy C for any t whatsoever approaches 1 exponentially fast (relative to n).
Proof. For each variable p = pi
of B, let xi, y,, x ,,,, x;.~, yi,', y,lj abbreviate quantities x with subscripts p, ip, pJ, -(p'), (7p)j, 4(-,p) ') respectively. As in the proof of Theorem 1.3, we assume for simplicity that n is divisible by 3. Break the sequence xi, y,, x2, yr,. . . , x,, y, into 6-tuples 1x 3ut1, Y3uc19 x3u+2, Y3u+2, X3,+39 Y3ut3 . each y~, +, , > h + x3, +, (t) if t = 0. Then the same holdr hoI& for every t.
By the choice of h, the increase of yi is at least as big as the increase of xi. The lemma is proved.
•I Proof of Theorem 3.1 (continued ). There exists a positive probability E that all conditions of the first (resp. second) part of the lemma are satisfied for a given u (resp. v). With probability (1 -(1 -E)~'~)* there exist u, v such that the conditions of both parts of the lemma are satisfied.
But the conclusions of the lemma imply that no s(t) satisfies B and therefore no s(t) satisfies C. EI 
